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For the full text of this licence, please go to: http://creativecommons.org/licenses/by-nc-nd/2.5/ Stress causes a cascade of hormonal releases. The most well-known is the secretion of cortisol, but this is only one aspect of the body's response. Gluconeogenesis, glucogenolysis and lipolysis are also stimulated and increased levels of renin and angiotensin II enzyme are produced causing elevation in blood-pressure (BP) and heartrate (HR) [13] . Research into stress exposure prior to influenza vaccination has claimed increases in the level of antibody response in women [14] . Long-term exposure to psychological stress has been reported to cause headaches [15] , back pain [16] and reduced cognitive function [17] . Such observations arouse curiosity as to whether stress may be identified in breath VOC profiles, and if so whether any such putative markers of stress might be potential confounding factors for diagnosis of disease by breath analysis.
The observation and description of the effect of psychological stress on breath VOC, is currently unreported. This study, therefore, sought to engender a stress response in human breath using a PASAT intervention [18 and 19] . The underlying hypothesis was that induced stress would not be associated with identifiable changes in exhaled VOCs across the participant cohort. An adjunct to this study would be a tentative examination of any exhaled VOC compounds that appeared to be associated with a stress response in the event of the hypothesis being disproven.
METHODS AND MATERIALS
Volunteer participants.
The study was conducted in accordance with the ethical principles of Good Clinical Practice and the Declaration of Helsinki. This research followed the protocols that were reviewed and granted a favourable opinion by the local area ethics advisory committee, Loughborough University; G08-P7 and G09-P5. All participants taking part in the study gave written informed consent.
23 male and/or female volunteers aged between 19 and 26 years participated in the study, and 22 complete sets of breath samples were obtained. The study used a randomised cross-over design with the participants attending two sampling sessions.
(neutral and stress), each comprising an intervention. In the neutral session, they were asked to sit comfortably and listen to music (neutral intervention), chosen to be nonstressful. In the stress session they were asked to undertake a mental arithmetic test (PASAT intervention), chosen to elicit stress [19] . They were also asked to take a cognitive function assessment tests. (See Supplementary Table 1) The cognitive function assessments do not induce a stress response, and were run as a part of another study into the effect of stress on cognitive function. The cognitive function study was not germane to the current study and will not be discussed further in this paper.
The sampling/test sessions ran in the morning. Before the sampling/test sessions the participants had fasted for a minimum of 9 hr and had drunk only water during this time.
Further, the participants had refrained from washing or using oral hygiene products on the morning of their visit. In each session, two VOC breath samples were collected. The first breath sample was taken prior to beginning the experimental interventions (neutral /PASAT intervention) and the second directly after completion of the intervention Figure   1 .
Heart-rate and blood-pressure measurements Heart-rate (HR/bpm) and blood-pressure (BP/mmHg) were recorded using a Datex 
Paced Auditory Serial Addition Task (PASAT)
The PASAT, originally developed to assess the effects of neurological injury on cognition Lympany. This intervention was designed to be non-stressful.
Breath sample collection and analysis Distal airway breath (4.0 dm3) was collected from participants at each sampling time in the test procedure (Indicated by ○ B in Figure 1 ). Participants donned a non-vented full face mask fitted with a silicone pillow (ResMed, Oxfordshire, UK), supplied with purified 'medair' while they breathed in a relaxed and natural manner during the sampling process. Every breath was recorded with pressure sensors, and the signal from the these sensors was processed using analogue to digital conversion, and fed to a virtual instrument that controlled the sampling micro-valves that ensured a high-precision sampling pump (sample-flow = 1 dm 3 min -1 ) was maintained at a constant operating flow throughout. Digital signal processing was used to continuously analyse the breathing The PSR sought to emphasise the relative change in systolic blood pressure that occurred during the intervention (∆ compared to baseline observations . Heart rate was also included in the same manner providing a ratio between the overall change Chromatographic data
The gas chromatographic-mass spectrometric (GC-MS) data were processed following a work-flow that has been described previously [21] . Retention times were correlated to a retention index scale constructed from a primary retention ladder generated from a quality assurance standard for the analysis, and a secondary retention index scale based on the retention times of 5 ubiquitous siloxane components present in all breath samples as a result of hydrolysis of the active phases within the analytical system. Compounds that were present in less than 30% of the breath samples collected were also excluded from the data modelling, and this left 50 breath components that were used in the resultant multi-variate analysis (MVA) [24, 25] .
Multi-variate analysis
The breath matrix consisted of the peak areas of the 50 VOC breath components (Table 2 ).
Preliminary identification of PASAT sensitive breath components.
Elucidation of the VOC components α1 to α6 was based on three tests. The first was a "satisfactory" match of the de-convoluted spectrum generated from Analyzer pro to the respective entry in the NIST MS library (NIST05). "Satisfactory" defined in this instance as forward (direct matching of spectrum peaks to library reference spectrum) and reverse (matching by omitting spectrum peak not present in the library spectrum) match factor with a value greater than, or equal to, 650, see Table 3 [28].
The second test was a "satisfactory" match between the observed retention index value (IU) and the estimated retention index value obtained from NIST05 MS library.
"Satisfactory" was defined as a difference not greater than ±50 IU. The recorded retention index value for α2, see Table 3 , of 1063 IU for BRI1063-105-77-52-106-51
(indicated by mass spectrometric library matching to be 2-Hydroxy-1-phenylethanone) did not match the estimated NIST retention index value of 1272 IU. No record of an experimental retention index for this compound for a DB5 (5% phenyl 95 % methyl) stationary phase appears to be currently available.
The third and final test was based on a matching the preliminary assignments in Table 3 to standards analysed under the same conditions, Table 1 . An adsorbent sampling tube was spiked with 0.1 µl of a 50 µg ml -1 methanol solution of: indole (α1), 2-hydroxy-1-phenylethanone (α2), 1,4-Cyclohexadiene, 1-methyl-4-(1-methylethyl) (α4), benzaldehyde (α5), 2-ethylhexan-1-ol (α6); all reagents were purchased from Aldrich. The an on-column masses of each of the components were 500 pg. 2-methylpentadecane (α3) was not available commercially and was not included in this test.
These three tests confirmed the assignments of indole, 2-hydroxy-1-phenylethanone, benzaldehyde, and 2-ethylhexan-1-ol. α4 was not confirmed as 1,4-Cyclohexadiene, 1-methyl-4-(1-methylethyl) however, the mass spectrum indicates that α4 was likely to be a terpene. 2-methylpentadecane (α3) remains a tentative assignment and Table 3 summarises the PASAT sensitive components.
The origins of these VOC in breath are not well defined and may be generated through a combination of independent mechanisms. Indeed it is perhaps to soon postulate biological origins and roles for these VOC's as part of a stress-sensitive response in breath. At this stage it is helpful to note that benzaldehyde is a common food component and occurs naturally in fruits like apples and honey [31, 30] likewise terpenes occur naturally in foodstuffs, [29] . These components may be due to dietary intake and may not have an endogenous origin. Indole is associated with the production of the essential amino acid tryptophan, which in turn is part of the pathway that produces serotonin; previously reported to be involved in cardiovascular and psychological response to acute stress [32] . Indole may also be generated from tryptophan metabolism by indole positive bacteria in the gastro intestinal system. 2-Ethylhexan-1-ol has been associated with poly vinyl chloride (PVC) [33] and also as a potential VOC marker of lung cancer [34] . In It seems to reasonable to take as a starting preposition that stressed people breath faster, with increased pulse rates and elevated blood-pressure, and this is likely to change their VOC profile; indeed the four down-regulated VOCs may have been depleted through increased ventilation from elevated heart-rate, and respiratory rate during the PASAT. If stress induced enhanced ventilation causes a reduction in levels of markers, or perturbs patterns of markers then additional controls in breath sampling protocols may need to be developed. In contrast 2-methyl,pentadecane and indole, which were observed to be up-regulated in this study need to be verified in larger studies before any indication could be derived that they were indicative of a metabolic/biochemical response to the PASAT intervention and by inference stress.
The retrospective quantitation of the six VOC was not possible, however the levels are t R / min observations from the stressed experimental session and 10 observations from the neutral experimental session from male participants. 100 % sensitivity was obtained for the male stressed observations and 90% selectivity was obtained for the neutral observations. In contrast to this the female observations yielded a sensitivity of 83.3% and a selectivity of 91.6% was observed. [B] [α4] Table 3 . Identification of PASAT sensitive breath components C1 to C6 with reverse and forward spectral match and de-convoluted spectrum lists.
